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ABSTRACT 

The microfabrication of the free standing perovskite 

La0.67(Sr,Ca)0.33MnO3 (LSCMO) thin films on silicon 

substrates with epitaxial grown oxide buffer layers was 

investigated for microbolometer application. The Ar ion 

etching (IBE) rate of LSCMO films was found to be 16 

nm/min. Using pre-annealed photoresist patterning, the free 

standing LSCMO pixels on epitaxial buffer oxide 

membrane were realized by the IBE and SF6 inductive 

coupled plasma (ICP) etching process. These results can be 

utilized as thermally isolated membrane for heteroepitaxial 

oxide structures. 

Keywords: La0.67(Sr,Ca)0.33MnO3 (LSCMO), membrane, 

bolometer, Si, micromachining 

1 INTRODUCTION 

High performance microbolometer operates at room 

temperature attracts much attention for civil and military 

applications. To realize these devices, the microfabrication 

is one of main key to realize high performance and small 

size microbolometer in room temperature. For high 

performance, there are many attempts to realize from the 

viewpoint of new materials to the fabrication process and 

electronic circuits optimization. Specially, the sensitivity, 

one of main figure of merit of microbolometer, is related to 

temperature coefficient of resistance (TCR =1/R dR/dT)

and thermal time constant, th= C/G, where C and G are 

thermal mass and thermal conductance of bolometer [1]. 

Therefore, to realize sensitive bolometer, there are two 

different approaches, one is to develop new materials with 

higher TCR and low noise and another is reducing the 

thermal mass including the small pixel size and very thin 

thermally isolated membrane. VOx (TCR ~ -2 % K-1),

polycrystalline SiGe (-2 % K
-1

), YBa2Cu3O7-  (-3.5 % K
-1

), 

metallic Ti, Nb and Pt on Si are used as the bolometric 

sensing materials whereas Si3N4, SiO2 and NxOySi films 

serve as the membranes [2]-[5]. 

Perovskite metal-oxide manganites, La
+3

1-xA
+2

xMnO3

(A+2 = Ca, Sr, Ba, Pb) with Colossal Magnetoresistance 

effect (CMR) have been also proposed for infrared (IR) 

detection and imaging [3],[6]-[7].  

In these materials maximum of the TCR occurs in close 

vicinity of semiconductor-to-metal phase transition 

temperature Tc, can be tailored by alloying to room

temperature [6] and reaches the magnitude as high as 35% 

K-1 
at 266 K [8]. 

Generally, oxide membrane including SiO2 has lower 

thermal conductivity than Si3N4 membrane. To realize the 

epitaxial CMR manganite microbolometer with low thermal 

mass and higher thermal conductance, free standing oxide 

microstructure as the isolated membrane is key processing 

for microfabrication. The epitaxial grown oxide structures 

between Si and CMR manganite can be utilized as a very 

thin free standing membrane. Therefore the heteroepitaxial 

buffer layer will be another good candidate for new type 

membrane for higher TCR manganite [10]-[11].  

      

2 EXPERIMENTAL 
      

The high quality La0.67(Sr,Ca)0.33MnO3 (LSCMO) films 

was grown by pulse laser deposition (PLD) in 750°C and 

0.3 Torr oxygen gas. The measured thickness of LSCMO 

and heteroepitaxial BTO/CeO2/YSZ oxides were about 50 

and 170 nm. The sequential ‘‘cube-on-cube’’ growth 

relation of YSZ–CeO2–BTO and ‘‘diagonal-on-side’’ 

orientation of LSCMO-on-BTO was revealed by X-ray 

diffraction (XRD) [9]. The surface morphology of grown 

LSCMO films was scanned by atomic force microcopy 

(AFM) in tapping mode, 1 Hz. The root mean square 

(RMS) roughness and mean grain size were calculated. 

For etching rate experimental, five different samples, 

YSZ on Si, CeO2 on YSZ/Si, Bi4Ti3O12(BTO) on 

CeO2/YSZ/Si, LSCMO on BTO/CeO2/YSZ/Si including 

substrates, were prepared. The grown samples were ensured 

the by XRD. Al2O3 was used for protective layer against Ar 

ion beam etching (IBE, Veeco Microtech) process for 

etching rate measurement. The vacuum pressure of Ar IBE 

was in the range of 10-7 Torr before Ar gas introduction. 

The Ar IBE process was performed at normal incidence in 

the. The chamber background pressure was about 10
-7

 Torr, 

the Ar gas pressure was maintained at 2 10-4 Torr during 

the IBE process, the acceleration potential was 600 V, the 

ion beam current density 1.2 mA/cm
2
 and 1.6 mA/cm

2
 for 

oxide layers and Si, respectively. The water-cooled target 

holder was rotated during the process. The etch rates were 

measured by Tencor Profiler after cleaning.  

The next challenging of micromachining of LSCMO 

films on Si is the effective protection during the Ar IBE pro 

-cess or other plasma process. Because the oxides, like SiO2

and Al2O3, or metal masks, Ti or Al, need more complicate 

process than conventional photoresist (PR) mask, moreover 
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Figure 1:  Schematic fabrication of LSCMO bolometer 

(a) spin coating and patter transfer by lithography (b) Ar 

IBE to etch LSCMO and buffer layers (c) etch 

underneath Si substrate by ICP (d) photoresist removal. 

the quality of CMR films may be affected during removing 

the protective layer after etching. But the main problem is 

that the hard baked PR is easily to be burned during the Ar 

IBE process. For prevent PR burning at Ar IBE, we 

followed Y. M. Wang et al. [12] and have used pre-

annealed PR. Thereupon, we attempted to introduce thick 

PR mask (Shipley 5740) as protective layer for LSCMO 

films against Ar IBE etching.

In other to check the possibility to introduce pre-

annealed PR as the protective mask for micro pattering, 

baked PR (10 min in 105°C hot plate) and pre-annealed (30 

min in 105°C hot plate) on LSCMO films were compared 

against Ar IBE etching process. LSCMO films was covered 

with thick Shipley 5740 by spin coating at 2000 rpm. Then, 

to transfer the pattern mask to PR, i-line (365 nm, Karl Suss, 

MA-6) UV photolithography was introduced. 

The schematic of the fabrication process for free standing 

epitaxial microbolometer was illustrated in Fig.1. The 

LSCMO film was spin coated with thick PR in Fig. 1 (a). 

Then, to transfer the pattern, i-line UV photolithography 

process (365 nm, Karl Zuss) was executed to define the 

microbolometer layout. To etch the LSCMO film and 

buffer layers down to the Si substrate, Ar IBE process was 

employed in Fig.1(b). Finally, Inductively Coupled Plasma 

(ICP) process with SF6 gas was executed in the STS 

Multiplex system to remove Si substrate beneath the oxide 

multilayers in Fig. 1(c). As a result, free standing 

membrane was formed due to the isotropic Si etching. At 

the final stage, oxygen plasma was introduced to remove 

the residual PR on the patterned LSCMO surface in Fig. 

1(d).

3 RESULT AND DISCUSSION 

The structural and electrical property of LSCMO films 

on BTO/CeO2/YSZ buffered Si was shown in Fig. 2. The 

(00l) peaks series indicated that all oxides layers are 

oriented along the c-axis with heteroepitaxy relations [9]. 

The 4.4%·K -1 high TCR value of LSCMO films in room 
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 Figure 2: X-ray measurement of LSCMO films on Si. (a) 

epitaxial growth: only (00l ) peaks shown (b) temperature 

dependant resistance. 
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Figure 3: Surface morphology of LSCMO films on 

heteroepitaxial oxides buffered Si. 

temperature was represented in Fig. 2(b). The surface 

morphology of LSCMO films was appeared by tapping 

mode AFM in Fig. 3. The RMS roughness and mean grain 

size of LSCMO films were 0.85 nm and 64 nm
2
.

The etching rates of all samples were summarized in 

Table I. The LSCMO films and oxide buffer layers show 

similar Ar IBE rates about 16-17 nm/min that are lower 

compared to 24 nm/min in Si. This difference is caused by 

higher strength of covalent bonds in oxides compared to 

ionic bonds in Si crystal. Experimentally obtained etching 

rates for LSCMO films and buffer layers were used to 

estimate the etching time that is about 13-14 min to etch all 

the oxides and reach Si substrate. 

Measured thicknesses of baked and pre-annealed PR 

after patterning was 10.5 µm in both case. The burned area 

in baked PR was in dark color. The etched heteroepitaxial 

LSCMO/BTO/CeO2/YSZ area was in bright due to light 

reflection from Si substrates surface in Fig. 4(a). However, 

fig. 4(b) and (c) clearly show the absence of any traces of 

burned pre-annealed PR onto the patterned multilayered 

oxide film after 13 min Ar IBE process.  

    The 20  30µm
2
 free standing LSCMO arrays on Si 

substrates  was  fabricated  by  successive executions of  Ar 

Table 1:  Etch rate of LSCMO films and buffer oxides. 

Figure 4: SEM image of hard baked and pre-annealed 

photoresist after Ar IBE (a) hard baked PR. Dark area was 

burned  (b) pre-annealed sample (c) side view of pre-

annealed photoresist sample. 

IBE and ICP process. Figure 5 shows the microfabricated 

heteroepitaxial oxides arrays with 80  side view. The 

isotropic etching by ICP process was followed Ar IBE 

process during 14 min with 3.0 µm/min in following 

condition: 600W/20W for power/bias with 130 sccm 

(standard cubic centimeter per minute) of SF6. The beneath 

Si was completely etched by ICP process and LSCMO film 

with buffer oxide layers appeared to be suspended onto the 

legs leaning upon the pads on the non-etched part of Si 

substrate. SEM images show the thickness of free standing 

multilayered oxide membrane in Fig.5 (b) is around 200 nm 

that is the same as for the multilayered oxide stack on the 

non-etched part of Si substrate. The traces of the remnant 

PR between two legs can be found in Fig. 5(b). This 

deficiency can be removed by longer Ar ion beam and O2

plasma etching. 

4 CONCLUSION 

The free standing La0.67(Sr,Ca)0.33MnO3 CMR films on 

Silicon substrates was successfully fabricated for 

bolometric application. The surface roughness of LSCMO 

films was 0.84nm.The etching rates of LSCMO, and 

heteroepitaxial buffer oxides were 16 nm/min and 15 ~17 

nm/min by Ar IBE.  By combination of Ar IBE and SF6

ICP etching with pre-annealed PR mask, the surface 

micromachining of 200nm LSCMO/Bi4Ti3O12/CeO2/YSZ 

heteroepitaxial oxide structures on Si was performed. The 

arrays of free standing thermally isolated 20 µm  30 µm 

has  been  demonstrated  for  uncooled  infrared  bolometer  

Layer 

(thickness) 

Etch rate 

(nm/min) 

La 0.67(Sr,Ca)0.33 MnO3

(50nm) 
16 

Bi4Ti3O12  

(100nm) 
15 

CeO2

(40nm) 
17 

YSZ   

(30nm) 
17 

Si (sub) 24 
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Figure 5: SEM images of (a) free standing 

heteroepitaxial oxides membrane (b) 80° tilt view   

applications. 
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